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1. Identification of glucose metabolism-improving factors

We have discovered that brown adipocytes (BA) generated from human pluripotent stem
cells secret two kinds of glucose metabolism-improving factors: insulin secretion-enhancing
factor and insulin sensitivity-upregulating factor. To determine their molecular structures,
supernatants of human pluripotent stem cell-derived BA (BA-SUP) were collected,
concentrated/desalted by using PD-10 column (GE healthcare) and applied to high performance
liquid chromatography (HPLC). In HPLC wusing a gel filtration column, the insulin
secretion-enhancing activity was concentrated at a specific subtraction as assessed by New
HTRF® High Range Insulin Assay (Cisbio Bioassays, Codolet, France) using MIN6 murine
pancreatic beta cells. On the other hand, the insulin sensitivity-upregulating activity was
concentrated at another specific subtraction as assessed by Glucose Uptake-Glo™ Assay
(Promega Corp, Madison, WI) using MING6 cells. We are currently performing further
subfractionation of these two activities by applying HPLC using hydrophobic columns and
ion-exchanging columns. We have already determined the optimal condition for preparing
BA-SUP on a large scale by using a BioReactor. When we have decided the precise protocols for
purifying the two factors, we will set out on large scale purifications. As soon as we have
identified the activity of interest within a single peak in 210 nm absorbance curve, we will
perform the spectrometric analysis to identify the molecular structure of the glucose

metabolism-improving factor of interest.

2. High-throughput drug screening assay to identify new therapeutic agents that accelerate
human BA differentiation.

We established a ZIC1-GFP knock-in human pluripotent stem cell line for screening BA
differentiation-enhancing agents. It was found, however, that GFP signals in BA-differentiating
pluripotent stem cell spheres were considerably weak. Therefore, we constructed a new knock-in
vector carrying a 4xGFP expression unit. At the same time, we set up QuantiGene Assay
(Affymetrix) to quantitatively assess the expressions of PRDM16, which is a BA/Beige common
marker, INHBB, which is a Beige marker, and Gene X, which is a novel BA marker. We found
that PRDM16 and Gene X expressions were consistently up-regulated while INHBB expression
rapidly declined during the process of BA differentiation (Day 0 - Day 10). Interestingly, when
matured hBA was subjected to overtime culture (Day 16 — Day 22), INHBB expression was
re-induced while Gene X expression was down-regulated. On the other hand, PRDM16

expression remained gradually up-regulated. It was recently reported that Beige cells can be
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recognized as downgraded BA. Our human ES/iPS-derived BA culture system reflects the

aging-associated reduction of human BA. Thus, we will perform drug screening to identify

agents that contribute to not only acceleration of BA-differentiation but also quality

maintenance of matured BA.
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